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FOREWORD

This report is intended to help meet e nsed for the identificati
cf the major currents off the vest coaste of North end South Americs
and & comprekensive summery of their principal cheracteristice. The
information given herein is besed on published reports and directly
measured data; &s well as considerabie unpublished data, of which a
large amount has recently been obtained. Much of these data has been
snalyzed specificelly for this report.

This is the second of & planned series of three reports. The

£iret includes descriptions ¢f the currents of the North and South

F. L. SLATIERY 5

Captain, U. 8. lefy
Commander
¥Naval Oceanographic Office

Atlagnti~ Oceans.
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MAJOR CURRENTS OFF THE WEST COASTE OF
HORTH AXD SOUTH AMERICA

Introduction

The descriptions of eight principel currents in this report are

beged mainly on dsta obtained “w direct methods in regions from the
Bering See to Cape Horn. Except for the Peru and Cape Horn Currents,
surface flows eppear to be 11l defined and exhibit charac;eristic
variability,

The usual graphic presectation of ocean currents is, at best,

a static picture, The surface of the ocean 18 in constant motiom,

Tr veed Geatvad M M ¥ T

the movement being exceedingly variable in some regions and relatively ‘
constant in others. The currents described in this report are those ‘
where the movement within specified boundaries exhibits a perranent
or peasonal flow. The regions beyond the boundsries of the curreunts

are thoge where flows, frequently considered part of the prevailing

current, are less defined, described from insufficient dats, meinly
tidal, under the influence of winds or river discherge, or variable
and turning. The boundaries indicate gradual change between zonez of
more persistent flow and zon2s of less stable or weeker flow.

The epproximate boundaries and the main body of each current
gshown are based on ship drift observaticns end direct messurements
by instrument, which describc the two mein features of the current,
namely, Airection and speed, Dynmmic topography presentetions are
mentioned or shown only where they might prove of interest by

comperison with results of direct measuvrements.
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ALASKA CURRERT

Surface current data in the Gulf of Alaska are scarze and
unevenly distributed; of almogt 9,000 observations north or 50°N,
about 6,700 are located in regione A, B, and D of Figure 1,
Inusmich as the southern boundary of the Gulf of Alsske ig nrorth
of 55°N, regions A, B, and D may te considered outside the gulf,
and the persisterce of the eastward flow through these reglons ia
due mainly to the influence of the Subarctic Current.

The Alasks Current actually originateg from the part ¢f the
Bubsrctic Current that is diverted north in the vieinity of CQueen
Charlotte Islands, and ig a slow, wide, counterclockwise flow
along the coast to about 1T0°W. The current appears to be somewhat
fagter in regions G and H (Figure 1) than slsewhere,

Figure 1 and Table 1 indicete the general flows in the gulf;
significant frequencies of flow in other directions algo are shova
in Figura 1. The sheded outlines show that the Alaska Current is
weak, with l1ittle seasonal change in mean speeds, so that it is
eagily influenced by strong winds associamted with frequent storms
through the gulf, particularly from September through May.

The date in Figure 1 and Table 1 are besged on surface ship
drift observations and show a very close directionel relaticnship
with the computed suriace flow and with the schematic showm in

Figure 2.
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THE SHADED PART OF ROSE SHOWS DISTRIBUTION OF DATA INTERPCLATED
BETWEEN EIGHT COMPASS POINTS; ITS SHAPE iNDICATES GRAPHICALLY THE
VARIABILITY OF FLOW.

EACH DIVISION ON A DIRECTION ARM INDICATES 2 PERCENT FREGUENCY AND
0.1 KMNOT.

THE ARROW SHOWSD PREVAILING DIZECTION AND MEAM SPEED
NUMBER AT LOWER RIGHT OF ROSE SHOWS MUMBER OF OBSERVATIONS.

/1




ION OF DATA INTERPOLATED
INDICATES GRAPHICALLY THE

S 2 PERCENT FREQUENCY AND

) MEAN SPEED.
#BER OF OBSERVATIONS.
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BERING CURRERT

Sparse available data indicate & generel north-flowing current
through the eastern half of Bering Sea, thicugh Bering Strait, and
in eastern Chukchi Sea. The current originates mainly from the
North Pacific Current, and its speed in the Bering Sea iz estimated
to be usually 0.5 knot or less but at times as high as 1.0 knot,

In Bering Strait current speeds frequently reach 2 knots;
however, in the eastern half of the stralt currents are even
stronger and usually range between 1.0 and 2.5 knots. The volune
transport of the prevalling northward flow in the strait during
Auguet was computed to be about 120 Km3 per day. Strong southerly
wvinds may increase current speeds in the strait to 3 knots, and
up to 4 knots in the eastern part; persistent strong northerly
winds during autumn may cause the eurrent to reverse for short
periods, During winter a southwerd flow at times msy occur in
the westerr. part of the strait.

After Ylowing through Bering Strait, the current widens, and
rert continues towsrd Poirt Barrow, where it turns northwest.
Table 2 shows prevaliling directions and speeds et the surface and
rear the bottom observed in August at 22 locations In the eastern
part of the shallow Chukchl Sea, where 231 current meter stations
wvere occupied. Along the Alaska coast, current speeds have been
observed to range between 0.1 and 1.5 knots and inecrease to 2.0
or 2,5 krots with southerly winds. In th~ western part of the
Chukchl Sea, currents are considersLly weaker and do not usually

exceed 0.5 knot.
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Fipuwpe 2k f2 n coulcedis of 15 surreit sttions ie August in -

tue smstorn piot of Bering Sitmit; the flow renges dastwssn

WA b,

~ .-

srestenortaet and w:-;rh?xa—aatfzhéaﬁ*:;s;rg&_ indicntas permisisht speels -

N

ronging tetuesy 0.2 god 2.3 Wois, Flgwe B 42 & composite of sight -

current stetiore In the western yors of the stveit; She Tlow thers - - -

b AR

e,

is weaker dut stiil persists betueesn weet-noritwesy und nordh between

e

0.4 and 1.k knots. The current in the Chukchi Ses is suswented by the -

'

)

Zagt Siberian Coastal Current, which joins the worth-setting Béring
Current north of Esst Cape.

fiorthesst of Wrengel Tsland, in i.e vieinivy of T2°F; 175°%,
£ive curyent weier stations showed the current to be outsids vhe
Jimit of the northesst flow. The current near the surface appesred

t0 be mainly tidal, onas direction periodically; the tidsl

-t s 0N

effect lessens considerably tc a depth of 4O meters and disappears

near the tettonm.
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CALTFORNIA CUBRERT

Usually described as a permanent ocean curyent, the Czlifornia” -

Current is sctually a poorly defined and verisdbie scutherly £l -
eesily influenced by the wind., PFigure 4 shows the boundaries
within which the southwerd flow iz observed, particulsriy during
¥arch through September when the current extends to the coest and
includes the region usually cccupied by the Davidson Current dwring -
winter., Table X indicates the varlatility of flow of the Califcrnig
Current by seasgon in regions A an’ B, and for the months when t‘ne;
current is observed iun coseial regione C and D. Part of the
south-getting California Current is observed within the near-coastal
Davidsor Cwrrent during winter.

Jt 48 evident from these Gata that even during summer, when
the Californise Current ls most constant, it tends to be varieble.
In region A the current setg directly south 23 percent of the time;
all cther directions average aboub 10 percent. In region B the
current sets generally southenat through scuth to southwest 58
percent of the time; other directions average 8 percent.

During winter in region A the current sets directly south only
about 19 percent of the time; it has little stabillty =s
significant percentages 0of obgervations indicate north, eest,
southeast, and west flows. In region B the current sets generally
southeast through south to southwest about 48 percent of the time;
other directiors sverage 10 percent, with no significant secondsry
fiow.

The minimum flow of 19 percent southwerd in region A during

winter coincides with the winds in the viciniiy of 4O°H, which

i3
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in 2331 other montha., .
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Tn region C the fiow is Gefinitely south from Hazch through

Septexber; ﬂwhmwm,mmmmh@,
£nd gpesds ere gtromger then iz reglon D, where fise iz zare p
varisbie, Tne southwerd flov 38 most constant in region D éGoring -
July, altbough the Srequency is only 25 percent compered ic izas

tean 13 percent in axy of the other seven directiosps.
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. %oe {ape Borp Current ssts ocutinuousiy sestward close to the
tip of 8663 Mmmrica znd onters Dreke Presage st about 70 R ina
ﬁ*;nn:cm m, with mrfece speeds wp to 2.4 kmts.‘ tme seh
ears sorth-nortienst, and when it cposses longitude 65°W the
erest has marroved to 2 widih of sbout 85 miles and its speed
.. Bis decreased ewusiderably.,

e profilss of computed speeds in Figure 5 show the
well-dafined 1imits of the curremt. Availebie dsts ipdicate a
faiely bigh rate of tracspat for this vurrent, svercying about
372 x 109 53/br in the western part and 224 x 109 n3/nr In the
2astern pert.

The current profile shown in Pigure 6 indicates the usmal

rexnge of speed and the set thalt csn be expected in Drake Passage.
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DAVIDSON CURRENT (Winter Coastal Countercurrent) e
Tt > Davidson Current is not a permanent ccean cwrrent but
rather a seasopal countercurrent thet sets northward at ail deptins

close to the Pacific coast of the United States north of 32°H.

Aveileble dste indicate that this flow should be more accurately
referred to simply ae the Winter Coastal Countercurrent; it is a i
poerly defined and variable flow éependent meinly upon the
influence of the wind.

Figare T shows the boundary within which the prevailing

northward flow most frequently occurs; it becomes best established
in Jenuary. Table 4 indicates the variability of flow by showing
the monthly percent frequency of observations of speed and direction.
The Devidson Current is interrupted by the prevailing south flow of
the Californis Current from March through the first half of October. i
The southern part of the Davidson Current, region B, is more
variable than the northern pert; although the prevailing flow is
northward during winter, the data show that sets in the opposite
direction occur frequently in January and February. Duriug July,
under the 1nfluence of the Csliformia Current, the southward flow
is most constant although the frequency is only 25 percent compared
to less than 13 percent in any of the other seven directions. Calms
average 8 percent and are twice those in region A, where the flow is
more constant.
In region A the current turns from south to north during
October, when considerables variability oceurs; the northward set
increages 1in constane: through Jenuary, when the frequency of

southward sets is abc it 17 percent. The current appears to set

i9
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portavard through the e2rly pert of February and then to become
vaeriatle as it begins to Hrrn, 2e indicated by the distribution of
e2st =rd south flows totaling about 36 percemt. From March
through Septezber tke strong southward flow is an extension of the
California Currant; percent frequencies are higher and speeds are
strunger than in region B. The tabulated éeats indicate that pert
of the south-setting Califorals Current is also observed taroughout
botz regions during winter.

The pronomced northward flow ip winder coincides with the
winds in the vicinity of #C°N, which predominate from southeast
through sowthwest 6nly during December &nd January; they prevail
from narthwest and north-northwest-in all other months. Table 5
shows the winds which can influence the current off the west coast
of the United States in Decemver. The more frequent south ard
southeast winds in region A w81l incresge the conmstancy of the
north-getting current, whereas the more frequent northwest and north
winds i? region B will cause the current to be more variable.

Drift bottles were released off the coast between 42° and
L6°N between June 1959 and October 1963. The resulis generally
agree with the surfuce drift data in Table b; over 7O percent of the
returns were from bottles released within 40 miles of shore, and
the northward flow was apparent during November through February in
all years.

Direct surface current measurementa during Merch have indicated
a southeast flow within 30 miles of shore in the vicinity of

36°30'N, 122°15'W; in this region subsurface drogue messurements at

20
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- REGION PREVAILING CURRERT | SECOHDARY CURREETS
A. ho*48*E|{DIR. ¢ Mp. Max. | DIR. ¢ Mn. Max.| TOTAL
Knots ¥note Oba,
- JA% ¥ 31 0.6 1.9 8 16 0.5 1.1 | 18
FER X 29 0.6 1.6 E- 19 0.5 1.3} 1%
8 1T 0.4 0.9 —
MAR S 40 0.6 2.2 F 19 0.5 2.0 | 62
— AFR § 32 0.7 1.8 SE 15 0.6 1.8 ] i
MAY 8§ 48 0.6 2.0 ¥ 12 0.5 1.6 T4
JUN 8 3 0.6 1.6 SE 17 0.6 1.1 | 138
45°— JUL 5 k8 0.7 1.6 SE 1 0.5 1.6 | 152
AG 8 39 0.7 1.6 N 13 0.5 0.8 ] 126
SE® 8 31 0.6 1.6 E 20 0.5 0,6 ] 133
A 0CT S 23 6.5 1.5 E 13 0.5 1.0 | 143
(— ¥ 23 0.5 1.2 W 10 0.4 0.6 -
Rov N 38 0.5 .7 S 23 04 22| 583
DEC X 28 0.6 1.k 8 19 ok <C.9 | 15T
— J B. 32°-k0°R
JaN ¥ 17T 0.5 L7 other directions ‘E
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250 meters showed a northward flow about 40 miles wide at speeds

-t

o2 about 0.5 knot. These sesm to verpify various reports that there

is 2 northwsrd Liow inshore throughout the year at depths below 200

T

meters. Above 200 meters the north-setting countercurrent that
develops when winde wesken or are southerly appecrs to be part of
the deep countercurrent.

When northerly winds become weak or negligible in late autumn
ané winter, 2 ncrth-setting courtercurrent forms at the surface well
inghore of the main south-setting Culifornis Current. During this
period upwellinz lessens aud numerous irregular eddédies may occur
along the coast. There is evidence that the nearshore countercurrent

may be influenced by coastel tidal currents observed from 5 tc 20

nmdles ofZshore; these tidal currents are rctary and cihange direction
l continuelly, so that during a tidal cycle they wili have set in all
directions of the compass, with speedg varying according to lunar

! : rhase or wind effect.

TABIE 5 OFFSHORE WINDS IN THE VICINITY OF L4O°N, DECEMEER

REGION A REGION B
Dir. MEAN DIR. MEAN
FROM % SPEED (KN) FROM % SPEED (KN)
i
; S 2 1k MW 30 8
, SE 16 12 N 1k 8
N 15 13 SE 13 9
1 . V= 6 - - -
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The neme EL iAo 12 generally idemtified with large-scale
disturbances which occur in the northern part of the Peru Current
in certazin years, reported to be at iutervals of sbout ewvery sesven
years., However, El ¥ino is beldeved o be & local term for =

current that has been observed in late December for many years.

In Decenber the northerly winds blowing acrcsg Central Americs
reach fartner south and drive w=ier from the Gulf of Pansma southward -

along the Peru coast. This curreni flcws southwmrd in a tongue-ghaped

-band 1 to 2 miles wide between 3° and 6°S. The intensity of this

phenomenon increases considerably in acme years amud influences g
larger part of the northern nesrshore portion cf the Peru Current.
Turing such pericds the Peru Current retards, the temperature of the
surface water risges sharply, and the southward flow comes &s far as
20°S. This condition, most commonly referredé .o a8 El Nigg, results
in a isyer of warm weter about 75 feet deep and as wide as 20 miles,
Although the origin cof this flow is not definitely known, it
i1s believed that northwesterly winds that penetrate farther south
than ususl cause the Peru Current to weaken; close to shore a
south-gsetting flow develops as the ccol Peru Current is replaced
by warm water with characteristics similar to those of the Pacific
BEquatorial Countercurrent. Mass mortality of merine organisms
resvlts when the cold and warm waters coverge.
The southward excursion of E1 Nido is most prevalent in
January through Merch, when it is halted by the reappearance of

southeagterly trade winds and the re-estsblishment of upwelling

23
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along the coast. The complicated patiern of upwsliing sng wind
resultis in varizbvle current speeds belvesn zero and 1.5 knots near
13°42'8 and & mean speed of 0.4 mot botween 22°36¢ and 33°007'S.
{ountercurrents may occur resr shore.

Yeare during which El1 Nifo has Leen recorded with greater

than usual intensity sre: 1801%, 1511, 1918, 1922, 1925%, 1932,

1939, 1941*, 1953, 1957, 1965, 196T.

*Exceptionally strong
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HESTOR CUSREWT (Psru Oceanic Ciuxrent) — s e
The Mentor Current, namwed after the Cerman saip that cbierved” -

it 1n 1833, originates mainly from the eastermwost extension of

the South Pacific Current {located norih of the Wesd ¥Wind Drift)

at about 40°S, 90°W. It sets north and northwest and aas the

eharacterietic features of 2 drift in that it ie a broad; slow-moving

flow that extsunds about $00 miles westward from ihe Pexru Current to

about N0°W at its widest seciion and tends to be easily influenced

by winds. It joins 1..e vest-getting South Equatorial Currernt and

corpletes the esnbicyclonic movement in the castern part of the
South Pacific Ocean. The speed in the central paxrt of the current
at about 26°S, 80°W may at times attain about 0.9 knot.

A geasonsl current rose for a reglon within the ceuter of the
current, shown in Figure 8, indicetes & significant percent i
frequency of westward flow, which becomes greater westward as curren:
speed decresses. Comparison of this rese with the rose for region 2
in the adjacent Peru Current shows the differences in speed and
direction between the two cwrrents.

Very little 1is known of deepwater flow in the eastern South
Pacific Ocean, end estimates of speed and volume transportv are
necessarily approximate. Indirect observations made at a depth of
3,500 meters in the southern part of the Mentor Current at about
39°S, 84°W indicate a probable weak, uniform movesent northward up
to 0.05 cm/sec; volume transpert of Pacific deep water from the

Antarctic i  3timated at atouv 15 x 106 m3/secu

25
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PEAED CUEAPERY {Perw Cosstal Cuzrent, Rumboldt Current)

The Pern Current Is » parvow, fairdy stable curreat tiat

northvecd closs fo the South American cosst. Inowledge of thfs | . k%
current éstes from 1527, and its nooenclsture has been confused fox - LF
years; the originel sysonymous texx "Husbcldt Current,” tesed oii . ° ”

Humbsidh's observaticmy iz 1802, mey be more appzoprists since the-
current criginates from the central portion of Chile at about -'EO‘S- B
and fiowe past Pern and Bewsdor to the southwest sxireamily of
Colicmbia.

The Peru Current bes been identified ss oceupylng two discinct.
regions; tke inshore currert cften is refexrred i¢ z8 the Peru
Coastal Current, snd the offshore current Iz described as the Peru
Oceenic Cuxrent. However, these tarms have been used srvitrarily, and
tke distinction is mede principelly from <he biological cparacteristies
in tke upper layezrs. In this report the Peru Current is shown in
Figure 9, and the limite are vesed on persistence and speed derived
from thousands of swrfzce drift cbservations.

Aitnough identified in some references as +he most cuitstanding
current in vhe Southern Hemisphere, the Peru Current is not very
strong but has a mean speed of 0.9 ¥mot in the northern reglin where
the flow is most persistent. The surface flow extends to shout 300
meters, and the volume ‘ransport is estimated to be 26.8 x 106 w.3/aec
at about 5°S.

The Peru Current is & relatively cool flow that ordginates from

yater of the South Pacific Currect and the West Wind Drift where these
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flows pasg intc the region of the trade winds. The current follows
the coast and joins the Pacific South Eguatorial Current beyond
100%%.

The suzrfece current shows & high constancy throughout the
greater part of its length and is 1ittle affected by latitude or
geason. What seasopal varigtion does occur is ghown in the surfsace
cewrent roges in Figure 9; the current tends to be most variable
south of 10°S during the southern winter and north of 10°S during
the southern summer. Tke current most frequently flows &t gpeeds
ranging vetween 0.2 and 1.4 knots, being strongest off the Peru
coast; meximumm speeds occur at its northern extremity between the
continent and the Gelapagos Archipelego. The currents are sironger
near shore and weaken with increasing distance from shore.

In some regions, however, the current is very weak, with eddies
occurring at irregular intervals; south-setting countercurrents
frequently flow close to shore as Iindicated by the south component
of the surface cwrrent roses, Because of the moderate zpeed and
veriebility of the Peru Current, its exact west boundary 1is
difficult to determine; the flow west of the Peru Current ig also
markedly northward, end there is no suddcn change between the
coastal zone of more persistent flow and the oceanic region of less
gtable or weaker flow.

Observetions have shown that the current close inshore is
under the nearly continuous influence ot small.scale upwelling

(Figure 10). Steady southerly winds along the coast tend to force




the surfsce water offshore and produce continuous vertical. c:tiéula.ticn.
Upwelling occurg between about 30* and 5°S as shown in Figure 10 and' - .-~

s,
"~ v

is limited meinly to the upper 200 to 300 meters. South of.,_iS".é,‘; ‘ o 2
upwelling is less intense. . 7 ' :
Repults of direct cwrrent measurements indicate a southward-
subsurface flow along the edge of the Continental Shelf at depths
below 300 meters between northern Peru and st least as far socuth
as 41°S. Off Peru and northern Chile, speeds to Q.4 knot were
recorded; like the surface current, the speed of this undercurrent
is wesker in the southern part of the Peru Current, especially
south of 15°S. Figure 9 shows results of direct subsurface current
measurements at four locations within the Peru Current.
Volume transport of this undercurrent has been computed at
about 21 x 106 m3/sec at 5°S, decreasing to asbout 3 x 106 m3/sec
at 15°S. The decresse in volume of southward flow occurs mainly

in the region of strorgest upwelling and mey be dve to continual

088 through vertical and horizontal transport.
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FIGURE 10 UPWELLING AND WEAKENING OF PERU CURRENT
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Conclusions

An exemination of existing date souwr.es clearly shows that the
methods utilized to determins the principal charactéristics of ocesn
currents leave much 1o b egired. From the many and varied types
of information avnilstle, it 18 obvicus that detalled, accurste
descriptions of currents cannot be readily obtained snd that some
currents will continue to be better kmown than others.

It 18 geaerally agreed that ocean current information is very
sparse and usually insufficlent for most ccean areas. Where there
are sufficient ship drift observations, satisfactory current patterns
can be derived; the number of relisble current meier measurements
at sea is negligible. As more and better data becoms avzilable,
the descriptions of the curremts in this report can be refined to

a greater degree of precision.
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